Abstract
populations of non-target organisms (White and Sinha, 1990) , residues in food (Srivastava, 1980) , high cost of most of these chemicals (Adesiyun, 1989) , contamination of the environment (Carson, 1962) , non-availability and the falsification and adulteration of pesticides (Adesiyun andApeji, 1983) abound.
The search for alternatives to synthetic insecticides is a current approach world-wide and the use of natural plant products with their array of active components is the focal point (Oparaeke ., 1998) . This study compares the efficacy of ten locally available plants and Actellic 2% dust for the control of stored cowpea seeds, (F.).
Adult were collected from infested cowpea seeds from a local market in Ilorin, Kwara State, Nigeria. Insects were introduced into eight (8) breeding containers under ambient temperature of 28±3% and Relative Humidity of75±5%. These were used to establish a laboratory culture.
Some quantities of untreated cowpea seeds, (L) Walp cv TVU 3629, were collected from the International Institute for Tropical Agriculture (IITA), Ibadan, Nigeria. The seeds were air-dried to avoid mouldiness after which they were sorted, sealed in cellophane bags and put in a deep freezer (for 2 weeks) for thorough disinfestation. The seeds were air-dried in the laboratory for 4 hours prior to use. One hundred (100)g of seeds were weighed out into 250mls translucent plastic tubes, which were covered with clean baft cloth to allow inflow of air and to mimic storage conditions in jute bags. Each treatment was replicated 3 times giving altogether 132 tubes. The collected plant materials were air dried until completely dry and pulverized into fine powder, sieved with a 10-micron sieve and sealed in cellophane bags. The ground plant materials were measured out in rates of 2.5g, 5.0g and 10.0g and mixed with 100g of Cowpea seeds in 250 ml plastic tubes and replicated 3 times.
Actellic 2% dust was bought from one of the agro-chemical stores in Ilorin. These were measured at the rates of 1.0g, 2.0g and 3.0g for the three treatment levels.
Twenty four (24) hours after, 100g seeds in 250mls plastic tubes were treated with 2.5g, 5.0g and 10.0g of plant materials and 1.0g, 2.0g and 3.0g of Actellic dust respectively, fifty (50\seeds from each of the treated and untreated (control) cowpea seeds were transferred into 
Preparation of Test Materials
Treatment new 100ml plastic tubes. The treatments were replicated 3 times including the control. Five (5) pairs of male and female were introduced into each of the plastic tubes, and covered with baft cloth tied firmly with rubber band.
The total number of adults emerging (dead and living) were counted on the first day emergence was noticed. On this day, all the insects, dead and living were removed from the tubes in order to distinguish them from those that would emerge later, that is at 24 hours and 48 hours. The effect of the experimental materials on emergence was checked on the day of emergence and 24 hours and 48 hours later.
Damage was assessed by the total number and distribution of holes per seed of Cowpea. The number of holes per sample of 10 randomly selected seeds of cowpea and the number of these seeds with holes were recorded for damage assessment. These were checked and recorded on the same date and time the first emerging adults were noticed.
The percentage of perforated grains was calculated as used by Singh (1972) . X Total number of grains sampled 1 The Weevil Perforation Index (WPI) (Fatope ., 1995) , was then calculated thus: WPI = X % control cowpea perforated 1 Weevil perforation index value exceeding 50 is regarded as enhancement of infestation by the weevil or negative protectant ability of the plant material or insecticide tested.
To assess the residual effect of these plant materials andActellic dust on stored seeds, the afore mentioned procedures were repeated after the first, second, third, fourth, fifth, and sixth months of storage of the original 100g seeds. Fifty (50) seeds were taken each month from the stock, placed in clean 100mls plastic tubes and 5 pairs of insects introduced as was the case at the commencement experiment.
The adult emergence data were collected on the first day emergence was noticed, 24 and 48 hours later. The highest number of emerging insects occurred on the first day. The total cumulative emergence for commencement and months 1-6 were calculated for this analysis (Table 1) .
Seeds treated with Actellic dust (26.2 75.0); (35.4 90.3) and (40.5 86.8) had the least number of emerged insects. tagged behind (79.4 195.0) . The other materials were not very different, statistically, from the control (104.7 272.7). All the materials used appeared to have had significant effects between the first and fifth months, with the peak performance at the 3 and 4 months. From the 5 month, the effect of materials seemed to have considerably worn off. The control had the highest numbers of emerging adults. All other rates of application of the different materials were not significantly different.
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DamageAssessment Discussion
Over the 7-month period under investigation, Actellic dust had the least number of holes per seed with the lowest being at months 3 and 4.
These were followed by and which had about the same effect.
was generally better than the remaining materials especially in months 3 and 4 (Fig 1) . The rates of application followed the same pattern with the control having the highest number of holes per seed (Fig 2) . The highest rate of application was marginally better than the medium and lower rates which were not particularly different from each other.
Actellic dust had the best index (protection ability) over the 7-month period. The highest damage index occurred at the 7 month.
came next in performance and was followed by . Their index fell below the 50% mark for the 7 months under review. Though performed better than the other materials, it was only at the second month that it could be said to have over-all protection ability (Fig 3) . The efficacy of the rates of application tended to decrease with time of storage (Fig 4) . The highest rate performed better than the medium rate, which was marginally better than the lowest rate.
Actellic dust inhibited the emergence of adult C. maculatus in treated samples during the 7 months of storage. As expected, it also had the least damage of cowpea seeds stored over the period, when compared with the untreated control. Actellic dust also gave the best Weevil Protection Index. It should be, however, noted that for all the indexes measured, the efficacy of Actellic dust started decreasing from the 5 month after the commencement of the experiment. The lowest rate used (1.0g/100g seed) was adequate for storage of the seeds within the seven months period. These results are consistent with the earlier works of Ojiako (1990) , Oparaeke et al. (1998) and Abdullahi and Mohammed (2004) who variously reported that Actellic dust offered the best control measure and prevented stored grains from damage.
consistently gave low cumulative emergence that was statistically the same as the effect ofActellic dust during the 7 months duration of the experiment and performed better than in months 1, 2 and 3. Throughout the duration of the experiment, had statistically the same effect on damage assessment of stored cowpea seeds as with Weevil Perforation Index of between 16.4 and 47.8%. The efficacy of in the experiment is clearly dose related with the highest rate (10.0g/100g seeds) performing better than the lower rates. The effect of in inhibiting/suppressing emergence and in damage control of stored cowpea seeds could be as a result of the presence of the steroidal glycoside-strophantidin, which was reported by Olayemi and Alabi (1994) as the bioactive agent. This bioactive agent has been found to completely inhibit the radial mycellial growth of for the first 48 hours after inoculation which was comparable to the action of Fernassan D (Balogun , 2004) . Strophantidin has also been found to inhibit the growth of red flour beetle, and tobacco horn worm, (Wissenberg , 1998 ) and in culture (Chataing ., 1998 gave considerably low numbers of emerged adults which were not statistically different from the action of Actellic dust and . There were also few damaged cowpea seeds stored with with Weevil Protection Index of between 12.2 and 44.4%. The efficacy was dose related as the highest rate (10.0g/100g seed) gave the best protection against damage. Earlier works by Olaifa and Erhun (1988) , Ojiako (1990) and Abdullahi and Mohammed (2004) variously showed that gave the lowest numbers of F offsprings and protected the stored seeds against damage of . The striking potency of larvicidal effects whose effects are not clearly understood (Abdullahi and Mohammed, 2004) .
, to some degrees, inhibited the emergence of adult . After the initial lull in the commencement of the experiment, picked up and topped the list of the materials after Actellic dust, and . The highest emergence figure (95.0 insects) was significantly lower than that of the untreated control (272. 7 insects). also reasonably protected the seeds when compared with the untreated control.
The efficacy of is dosage related as the lowest rate (2.5g/100g seed) could not protect the treated seeds. The least WPI was 67.8% which was, however, better than the untreated seeds. The medium rate (5.0g/100g seed) could only protect the seeds at the commencement and month 1 of the experiments whereas the highest rate (10.0g/100g seed) protected the seeds all through the 7 months of storage. These reports are consistent with the earlier work of Oparaeke . (2002) who reported that cowpea seed damage was least on seeds treated with 10.0g leaf powder of per 100g cowpea seed and highest on 2.5g/100g seed (W/W). Earlier, Lajide . (1998) had found the leaf powders of effective in protecting stored maize grains against at the highest dosage rates of 8g/100g and 5g/50g maize grains, respectively. Oparaeke . (2002) had attributed the protective ability of to some alkaloids. Working on the efficacy of and , Weaver . (1991) and Regnault and Hamraoui (1994) respectively, had implicated this alkaloid as linalool.
The total cumulative emergence for all the other plant materials , , , , and ranging from 106.9 257.8 insects were basically statistically the same and did not differ significantly from the untreated control (104.7 272.7).
, however, had the lowest total cumulative emergence for the commencement and for months 1 and 4 and appeared to be better than other materials. It also protected the seeds at the highest and medium rates at the commencement of the experiment. Subsequently, however, did not give better protection ability when compared with the untreated Actellic 2% dust offered the quickest control measure in the first 4 months of storing cowpea seeds. seed powder, a local and easily available herb, gave a steady protection of cowpea seeds over the months studied. a highly nutritional and medicinal plant gave good protection to the seeds at relatively low concentrations while at only the highest rate performed well in effecting adult insect mortality and oviposition. The interactive effect of material type and rate of application was demonstrated by the higher rates of a given treatment material performing significantly better than the lower rates.
, and could be acceptable, cheap, safe and environmentally friendly alternatives to synthetic chemicals in storage.
It is recommended that the potentials of these products be further explored and that the present effort at finding cheaper, safe and locally available protectants be kept up. : 213-220. White, N.D.G. and Sinha, R.N. (1990) : Effect of Chloropyrifos-methyl on oat ecosystems in farm granaries. 83: 1128-1134. Wissenberg, M.; Levy, A.; Svoboda, J.A. and Ishaaya, I. (1998) Rate 0=0g/100g seed, Rate 1=2.5g/100g seed, Rate 2=5.0g /100g seed, Rate 3=10.0g/100g seed. Rate 0=0g/100g seed, Rate 1=2.5g/100g seed, Rate 2=5.0g /100g seed, Rate 3=10.0g/100g seed.
